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Abstract: This work presents our view about the state of environmental data lifecycle in the Internet
of Things era. The IoT brings new challenges to environmental timeseries storage, dissemination,
acquisition, and integration. In the light of the IoT resource-constrained ecosystem, we present
our research to support resilient data storage on IoT prototyping devices, and interoperable data
dissemination through established standards. Heterogeneity along with the low-capabilities of IoT
devices, render past best-practices on environmental timeseries lifecycle not directly applicable.
We demonstrate our approach towards syntactic and semantic interoperability among the diversity
of IoT data formats, towards universal timeseries acquisition and integration.
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1 INTRODUCTION
The Internet of Things era brings new challenges to the environmental timeseries data lifecycle.
Traditional environmental timeseries lifecycle concerns acquisition, integration, storage and dissemination (Athanasiadis and Mitkas, 2004; Mason et al., 2014). The restrained capabilities of the
IoT ecosystem (Atzori et al., 2010) questions traditional methodologies about timeseries storage
and dissemination. Heterogeneity, syntactic or semantic, pertinent to the IoT ecosystem challenges
the first two processes (Horsburgh et al., 2009). The impact of the aforementioned IoT stressors on
the contemporary approaches towards environmental timeseries lifecycle have to be assessed, in
order environmental data science to be benefitted from the great variety of spatially and temporally
diverse environmental datasets that IoT offers.
The IoT prototyping devices can play a more central role in the timeseries lifecycle. These devices, such Raspberry Pi1 , are being increasingly utilized in environmental monitoring campaigns
(Cagnetti et al., 2013; Samourkasidis and Athanasiadis, 2014; Nikhade, 2015; Leccese et al.,
2014). Despite their low acquisition cost and their multi-purpose nature, their use is limited to auxiliary operations. In most cases, data storage and processing takes place in other nodes (Moure
et al., 2015). The weak enabling environment (i.e. opportunistic Internet/Power connection) under
which they operate, questions their capabilities for persistent data storage.
1 https://www.raspberrypi.org/about/
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The weak IoT enabling environment challenges the operation of environmental data management
frameworks. These frameworks, such the Open Geospatial Consortium Sensor Observation Service (OGC SOS) (Bröring et al., 2012), provide standardized ways for timeseries data discovery and
access, accounting for syntactic interoperability (Samourkasidis and Athanasiadis, 2017b). They
facilitate e-scientists, as environmental data disseminated through these frameworks, can automatically interact with scientific workflows and provide inputs to environmental models (Regueiro
et al., 2015). However, there are certain contraints in order these frameworks to operate on IoT
devices. For example, the design of OGC SOS did not take into consideration the IoT enabling
ecosystem (i.e. restrained resources, opportunistic internet connection, etc.) (Samourkasidis and
Athanasiadis, 2017b).
The IoT ever increasing syntactic and semantic heterogeneity obstructs e-scientists towards data
acquisition and integration. To date, timeseries acquisition and integration are the most time consuming processes of the lifecycle (Horsburgh et al., 2016). In principle, e-scientists have to a.
obtain datasets available through various dissemination protocols, and formatted under custom
data syntaxes, b. transform them into a common data format and c. feed them as input into scientific tools (i.e. environmental models), in order to tranform raw data into actionable knowledge.
IoT will only exacerbate this process, as new data formats/syntaxes emerge constantly (Atzori
et al., 2010). Syntactic and semantic heterogeneity, that is the difference among the syntaxes
and definitions of the involved datasets, render the aforementioned workflow into a highly custom and manual process, as acquisition, transformation and integration into common data formats
requires almost always manual involvement from experts (Horsburgh et al., 2009; Mason et al.,
2014; Samourkasidis et al., 2018). In the context of environmental data literature, there are various analytical methods to cope with syntactic and semantic heterogeneity. These include, but not
limited to, acquisition facilitated by environmental data management frameworks (Bröring et al.,
2011; Horsburgh et al., 2009), and scripting (Woodard, 2016; Porter et al., 2014), and integration
supported by ontology engineering (Ziébelin et al., 2017).
This work summarizes our four years of research to assess the impact of two IoT stressors (i.e. restrained resources ecosystem and heterogeneity) on the environmental timeseries lifecycle from
the perspective of e-scientists. We conducted this assessment by investigating:
a. the resilient data storage of an IoT prototyping device,
b. the IoT-readiness of a standardized timeseries dissemination protocol to operate in the IoT
enabling ecosystem,
c. declarative methods to assist e-scientists towards acquiring and integrating the syntactically
and semantically heterogeneous timeseries that IoT offers.
The rest of this work is structured as follows: Section 2 provides the context for this work. Sections
3 describes the methodology we followed in order to assess the impact of IoT on the environmental
timeseries lifecycle. Finally, section 4 discusses our initial findings and insights.
2 BACKGROUND AND RELATED WORK
Internet of Things comprises of interconnected devices, which sense their surrounding environment
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and report observations on the web (Gubbi et al., 2013; Atzori et al., 2010). In principle, IoT devices
are considered to have limited capabilities (Atzori et al., 2010). An IoT prototyping device, or IoT
gateway serves as an intermediate among the IoT devices and the Internet (Kruger and Hancke,
2014). From the three IoT layers (i.e. Application, Network, Perception (Mahmoud et al., 2015)),
we focus on Application layer and more specifically on the data stack (Zanella et al., 2014).
IoT applications rely on prototyping devices to contribute to the environmental data science domain by offering spatial and temporal diverse datasets. Raspberry Pi is an IoT enabler technology
(Johnston and Cox, 2017) and is used in diverse range of applications (e.g. smart city (Re et al.,
2014; Jung et al., 2013; Leccese et al., 2014), smart home (Chowdhury et al., 2013; Bahrudin et al.,
2013; Vujović and Maksimović, 2015), etc.). In the environmental monitoring context, Raspberry
Pi facilitates one, but not all of the followings: data processing, (temporary) storage and dissemination of the observed data to another node (or the cloud) for further processing and persistent
storage (Johnston and Cox, 2017; de Assis et al., 2016). For example, Moure et al. present a lowcost, real-time volcanic activity monitor based on a Raspberry Pi, which enables external clients to
retrieve data through the commercial texting application, WhatsApp (Moure et al., 2015).
The IoT related challenges have an impact on environmental timeseries lifecycle. E-scientists have
two types of barriers to overcome: computing requirements and technological skills (Good et al.,
2017). The former concerns the requirement for more advanced computers to process the vast
amount of IoT produced data. The technological skills refer to the technical expertise required
from the e-scientists in order to transform raw data into actionable knowledge. In the environmental science literature there are efforts to lower this barrier. For example, Swain et al. present a
framework which allows environmental scientists to develop web applications writing a very small
amount of code (Swain et al., 2016).
3 METHODOLOGY
The main objective of this work is to present the methodology we followed to assess the impact of Internet of Things on the environmental timeseries data lifecycle from the perspective of e-scientists.
We further refine this objective, by investigating IoT stressors against each process of the environmental timeseries data lifecycle (Figure 1). Specifically, we examine the impact of IoT restrained
resources ecosystem on data storage and dissemination and IoT heterogeneity (syntactic and semantic) on data acquisition and integration.
The first sub-objective is regarded with the possibility of IoT prototyping devices to facilitate environmental timeseries lifecycle. We assessed the performance of the most prominent IoT prototyping
device (i.e. Raspberry Pi), in terms of resilient data storage and processing power. We assembled
a set of low-cost sensors, attached them on the Raspberry Pi and designed a software to take observations under regular intervals and disseminate them through standardized services (e.g. OGC
SOS). Then, we evaluated: a. resilient data storage by simulating power and network outages to
assess persistence, b. processing power by conducting a stress test, which simulated concurrent
users requesting for the stored observations. These tests provided us with insights regarding the
capabilities of Raspberry Pi to operate on the weak IoT enabling ecosystem (Samourkasidis and
Athanasiadis, 2017a).
The second sub-objective concerns the ready-state of established timeseries dissemination pro-
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Internet of Things: What’s the World Coming To?
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Figure 1: The IoT stressors against the environmental timeseries lifecycle. The restrained resources ecosystem impacts on data storage and dissemination, and IoT heterogeneity affects data
acquisition and integration
tocols to operate efficiently in the IoT enabling ecosystem. We evaluated the operation of OGC
SOS, the most prominent timeseries dissemination protocol, in an ecosystem with disruptive internet and/or power connection. As OGC SOS was not efficient and thus compatible to operate
in the IoT ecosystem we designed and implemented a non-invasive extension based on pagination. By-design, this pagination extension a. transforms OGC SOS to be disruption tolerant, b.
supports for resource economizing, and c. maintains backwards compatibility. We validated the
aforementioned by-design benefits by conducting experiments against different types of timeseries
(Samourkasidis and Athanasiadis, 2017b).
The third sub-objective is related with declarative methods to support e-scientists to acquire, transform and integrate syntactically and semantically heterogeneous timeseries datasets. We designed a declarative method to cope with syntactic and semantic heterogeneity. According to it,
e-scientists a. describe a distinct syntax in an abstract manner through a template and b. annotate
the semantics of the involved entities (e.g. observables, units of measurement, etc.) in a metadata
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file. We implemented a template framework which accompanied by a reasoner facilitates acquisition, transformation and integration of diverse timeseries. We evaluated the generality of our
declarative approach to cope with syntactic (Samourkasidis et al., 2018) and semantic (Samourkasidis and Athanasiadis, 2018) heterogeneity against meteorological and air quality environmental
timeseries.
4 DISCUSSION
This paper summarizes our methodology towards assessing the impact IoT on environmental timeseries lifecycle from the perspective of e-scientists. The works presented in Section 3 have been
conducted during the last four years and published in (Samourkasidis and Athanasiadis, 2017a,b;
Samourkasidis et al., 2018; Samourkasidis and Athanasiadis, 2018). The main objective of this
work is to introduce readers to the research question which the aforementioned papers respond
to, and initiate a relevant discussion.
We identified two IoT stressors: the restrained resources ecosystem and the syntactic and semantic heterogeneity, which challenge timeseries storage and dissemination, and acquisition and
integration, respectively. We investigated the capabilities of IoT prototyping devices to facilitate
the timeseries lifecycle in general, and persistent data storage in particular. We evaluated the
IoT-readiness of an established timeseries dissemination protocol, and we designed a backwards
compatible extension in order to transform it to disruption tolerant and support resource economizing. Finally, we designed a declarative method to assist e-scientists to acquire, transform and
integrate syntactically and semantically heterogeneous timeseries.
This work indirectly contributes towards lowering the e-science barriers for environmental timeseries lifecycle (Swain et al., 2016). Utilizing IoT prototyping devices to have a central role in
the timeseries lifecycle, and extending established timeseries dissemination protocols to operate efficiently in the IoT ecosystem lowers the computing requirements (Good et al., 2017). Despite their low-acquisition cost, IoT prototyping devices, such the Raspberry Pi are multi-purpose,
as they have sufficient processing power to support data storage, processing and dissemination
(Samourkasidis and Athanasiadis, 2017a). To date, data dissemination is performed via standardized dissemination protocols, such the OGC SOS. We argue that OGC SOS is not compatible with
the IoT weak enabling environment as it performs inefficiently in an ecosystem with opportunistic
Internet and/or power connection. The pagination extension we designed and implemented overcomes aforementioned hurdles, maintains backwards compatibility, and lowers the computing barriers towards standardized dissemination, as the extended OGC SOS gains by-design efficiency
and can be operated by low-cost devices (Samourkasidis and Athanasiadis, 2017b). Last, but
not least, declarative methods contribute towards lowering the technological skills requirement, as
they assist e-scientists to cope with heterogeneity towards timeseries acquisition, transformation
and integration. Describing diverse syntaxes through templates, and annotating their semantics
through metadata files supports for syntactic and semantic interoperability without a strong computer science background prerequisite.
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